Kinetic analysis and ligand-induced conformational changes in dimeric and tetrameric forms of human thymidine kinase 2.
Recombinant human thymidine kinase 2 (hTK2) expressed in Escherichia coli has been found to bind tightly a substoichiometric amount of deoxyribonucleoside triphosphates (dTTP > dCTP >> dATP), known to be strong feedback inhibitors of the enzyme. Incubation of hTK2 with the substrate dThd was able to release the dNTPs from the active site during purification from E. coli and thus allowed the kinetic characterization of the noninhibited enzyme, with the tetrameric hTK2 showing slightly higher activity than the most abundant dimeric form. The unliganded hTK2 revealed a lower structural stability than the inhibitor-bound enzyme forms, being more prone to aggregation, thermal denaturation, and limited proteolysis. Moreover, intrinsic tryptophan fluorescence (ITF), far-UV circular dichroism (CD), and limited proteolysis have revealed that hTK2 undergoes distinct conformational changes upon binding different substrates and inhibitors, which are known to occur in the nucleoside monophosphate kinase family. The CD-monitored thermal denaturation of hTK2 dimer/tetramer revealed an irreversible process that can be satisfactorily described by the two-state irreversible denaturation model. On the basis of this model, the parameters of the Arrhenius equation were calculated, providing evidence for a significant structural stabilization of the enzyme upon ligand binding (dCyd < MgdCTP < dThd < dCTP < dTTP < MgdTTP), whereas MgATP further destabilizes the enzyme. Finally, surface plasmon resonance (SPR) was used to study in real time the reversible binding of substrates and inhibitors to the immobilized enzyme. The binding affinities for the inhibitors were found to be 1-2 orders of magnitude higher than for the corresponding substrates, both by SPR and ITF analysis.